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BACKGROUND

When Congress created the Tennessee Valley Authority (TVA) they mandated that the
agency promote economic development and protect the natural resources within the
Tennessee Valley.  The majority of new jobs in any given area are created by
expansion of existing companies.  Approximately ten years ago TVA began a new
program to assist existing companies which wanted to expand.  Using TVA staff and
resources, which exist primarily to help TVA function effectively, this program helps
Valley industries overcome barriers to their expansion plans.

TVA's Manufacturing Development Program provides assistance to small and medium
sized industries in many different areas such as transportation analysis, market
research, energy efficiency analysis, civil and environmental engineering.  The
environmental engineering assistance helps meet two of TVA's goals; protecting the
environment and economic development.

The environmental engineering assistance includes rough or general technical
assistance in solving environmental problems, in the areas of:  air quality, water supply,
wastewater treatment, and solid and hazardous wastes management.  This is not
detailed, in-depth technical assistance, but general recommendations and alternative
courses of action to help the company proceed in a cost-effective direction.  These
services normally consist of advice on water conservation, waste reduction, types of
treatment systems, etc.  We may provide limited advice on regulations and permit
conditions and information about who to call.

The fabricated metals business (SIC 34) is a significant portion of the Valley's industrial
base.  The operations which normally occur in this industry include:  machining,
treating, cleaning, coating, and/or plating metal parts.  Individual facilities may use one
or all of these operations. 
My experience with this industry during the past ten years has shown that pollution
prevention/waste reduction is the most cost-effective method for ensuring
environmental protection.



Not only does pollution prevention (2P) protect the environment, it often results in cost
savings and increased worker safety.  2P includes product and process changes to
reduce the toxicity and/or quantity of wastes generated.  2P does NOT include waste
treatment and disposal.  The most effective 2P technique is to make it everyone's job
just as safety should be part of everyone's job.  Your people know your plant and your
operation better than any outsider.  Get each person from purchasing, maintenance,
production, and waste management to see that wastes represent inefficiency and lost
profits.  Effective 2P always requires top management commitment.  EPA's Facility
Pollution Prevention Guide (EPA/600/R-92/088) is an excellent guide to setting up an
inhouse pollution prevention program.

Every facility can achieve some 2P through better standard procedures, good operating
practices, improved materials handling and storage, inventory control, cost allocation,
and wastes segregation.

Also each of the fabricated metals operations mentioned above has 2P techniques
which have proven effective.  For example, in machining the primary wastes of concern
are metalworking fluids.  2P techniques include:  standardizing fluids, sump and
machine cleaning, gasket and seal maintenance, and recycling fluids.  In this paper I
will concentrate on the operations most common to electroplaters, cleaning and plating.

ELECTROPLATING WASTES

Cleaning Operations

Cleaning operations are common to many industries.  EPA has published manuals
devoted to waste reduction for metal parts cleaning and solvents.  To get good quality
plating the surfaces must be clean.  Therefore, most plating operations are preceded by
various cleaning operations.  These may involve solvents (i.e. trichloroethylene, 1,1,1-
trichloroethane), aqueous alkaline cleaners, acid pickler, abrasives, or just water.  The
primary wastes are spent cleaning solutions.

2P Techniques
Common approaches to 2P include source control and substitution of cleaning agents. 
For source control, lids, sideboards, and chillers can be added to tanks to reduce loss
and spillage.  Improved handling practices can reduce cross-contamination, sludge
buildup, and dragout.  Working with suppliers may reduce contaminants on metal
surfaces and thus increase cleaner life (peel coatings, just-in-time delivery).

Spent solvent waste coming from contaminated solvents from parts cleaning operations
may be reduced by the following measures:

  - Use water-soluble cutting fluids instead of oil-based fluids (this could eliminate
the need for solvent cleaning);



  - Use aqueous cleaners;
  - Use multi-stage countercurrent cleaning;
  - Prevent cross-contamination or drag-in from other processes;
  - Prompt removal of sludge from tank; and
  - Reduce the number of different solvents used (a single larger waste that is more

amenable to recycling).

Solvent loss from air emissions may be reduced by proper operation of equipment as it
is designed.

  - Use roll-type covers, not hinged covers (up to 50% reduction in emissions);
  - Increase freeboard height;
  - Install freeboard chillers;
  - Use silhouette entry covers;
  - Proper equipment layout;
  - Avoid rapid insertion and removal of items (less than 11 feet/min.);
  - Avoid inserting oversized objects into the tank (cross-sectional area of the item

should be less than 50% of tank area to reduce piston effect);
  - Allow for proper drainage before removing item; and
  - Avoid water contamination of solvent in degreasers.

Techniques to reduce waste rinsewater will be discussed in the section on plating
wastes.

Plating Operations

Plating operations involve immersing the objects to be plated in various combinations of
plating baths, rinses, and final coatings.  The workpiece can be carried on racks or in
barrels.  Plating baths are either acid or alkaline.  Acid baths may include the following:
 chrome plating, chromic acid plastic etch, chromic acid bright dip, nickel, copper
sulfate, precious metals, and fluorborates.  Alkaline baths may include cyanide
formulations of zinc, copper, cadmium, brass, bronze, or silver.  The primary wastes
are:  spent plating baths, rinse waters, filter sludges, spills and leaks, and waste
treatment wastes.  Some or all of the waste types may be combined into a single
stream before treatment and disposal.

Most electroplating hazardous waste is generated from plating rinsewater, electroplating
sludges, and sludges from the treatment of waste rinsewaters.  Contaminated
rinsewater accounts for a majority of waste produced.  Rinsewater is used to remove
the drag-out from a workpiece.  Drag-out refers to the excess cleaning or plating
solution that adheres to the workpiece surface, and gets carried out of the bath along
with the workpiece.

Spent plating solutions contain high concentrations of metals.  These solutions are not
regularly discarded but may require purging if impurities build up.



The wastewater produced in the electroplating process may contain a variety of heavy
metals and cyanide.  The metals are removed by adding lime or other precipitation
agents.  The result is a dilute metal hydroxide sludge, which is thickened and then
disposed of by landfilling.  2P measures which reduce wastes from plating baths and
rinses will normally result in significant reductions in volumes of wastewater treatment
system sludges.

2P Techniques

Various techniques are effective in reducing wastewater, treatment sludges, and
hazardous wastes for electroplaters.  Reducing dragout reduces wastes throughout the
plating line.  This may be done with:  rack & barrel design, workpiece positioning and
design, increased drip times, reduced withdrawal speed, and use of surfactants.

Spent Plating Solutions and Sludges - Plating solutions are not discarded frequently,
but do require periodic replacement.  Many platers whose product specifications allow it
have stopped using cyanide baths because of the costly, hazardous materials involved.
 Also, zinc has replaced the use of cadmium in many applications.

Reduction practices available for minimizing spent plating waste include:  use deionized
or distilled water for make-up, regenerate plating solution through impurity removal,
return spent plating solution to manufacturer, and metal recovery.

Metal recovery techniques include:  evaporation, reverse osmosis, ion exchange,
electrolysis, and electrodialysis.  Many companies have installed such systems to
recover metals from waste rinsewater and have found that the investment has paid for
itself in one to five years.  Strategic, in-line placement of metal recovery units, such as
ion-exchange columns, can serve to remove metals from spent plating baths and waste
rinsewaters.  When the ion-exchange resin is regenerated, the metals can be recovered
and used to provide plating solutions which can be recycled to the plating baths.

Rinsewaters - Conserving water is an effective way to cut operating and capital costs. 
These methods can be grouped into two major techniques:  drag-out reduction and
rinsewater reduction.

Reducing the drag-out reduces the amount of rinsewater needed and the amount of
metal in the wastewater.  Also, less of the plating solution metals leave the process,
which produces savings in raw materials, and treatment and disposal costs.  The
amount of drag-out depends on the following factors:  surface tension and viscosity of
the plating solution, shape and surface area of the workpiece and rack, speed of
workpiece withdrawal, and drainage time.

Generally, drag-out reduction techniques include:

  - Increase solution temperature;
  - Use less concentrated plating solution;



  - Withdraw workpieces slowly from solution;
  - Add wetting agents to plating solution;
  - Position workpieces properly on rack;
  - Increase drip times (10-30 seconds);
  - Use drip boards or pans (direct drips back to origin);
  - Install fog nozzles and sprays;

Rinsewater reduction involves rinsing off the workpiece in the most efficient manner,
using the smallest volume of rinsewater.  Traditionally, a workpiece would be immersed
into a single rinsing bath following a plating bath, and then moved on to the next step in
the process.  Decreasing water consumption without reducing drag-out will result in a
smaller, but more concentrated wastewater.

Several methods exist which use less rinsewater than the traditional method, while still
adequately rinsing the workpiece.  These include:

  - Counter-flow multiple tank rinsing
  - Fog nozzles and sprays rinses on simple workpieces, such as sheets
  - Still rinses
  - Flow or conductivity controls
  - Mechanical and air agitation of the rinses
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